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A technique  was  devised  using  infrared  detection 

of  localized  I R heating  of  conducting  materials  to 

determine  the  surface  charge  and  ciirrent  distributions 
on  various  objects.  The  measxirement  process  is 
explained  and  cooiparisons  between  experimentally 
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ABSIBACX 


A t«cbnlga«  was  deTised  using  infrared  detection 
2 

of  localized  Z B heating  cf  conducting  aatecials  to 

detecaine  the  surface  charge  and  current  distributions 
cn  varioBS  objects.  Zbe  teasureaent  process  is 
explained  and  coaparisons  between  czperiaentall; 
deterained  and  actual  charge  and  current  distributiens 
are  presented. 
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I.  IHTBODOCIIOH 


Knowledge  of  the  charge  and  current  distributiens  is 
essential  in  sany  applications  of  antenoa  design  and 
placeaent,  electromagnetic  scattering,  and  electroaagnetic 
coapatability.  Althoagh  it  is  possible  tc  aeasare  these 
gaantities  directly  cn  a given  object  using  electrically 
ssall  probes  [,-”*•  1 1 it  is  an  ertreaely  slew, 
tedious,  and  expensive  process.  To  avoid  this,  cosputer 
analysis  of  structures  has  beccae  increasingly  iapertant 
[Butler — — ^hne  and  These  aodels  require 

assuaptiens  concerning  gecaetry,  wire  size,  boundary 
conditions,  and  the  like.  In  all  such  investigations,  lodel 
verification  has  beccae  important  [ Burtea — and — fting — iS15, 

Baetoa# Kirg  nn«^  giajwg — Clearly,  a tecknigue 

yielding  real-time  aeasureaent  of  charge  and  current 
aagnitude  distributions  has  obvious  advantages. 


i ] that 


La  Tarre  and  Burten  have  shown  [1975]  that  sorface 
currents  on  radiating  and  scattering  structures  can,Ninder 
certain  conditions,  generate  sufficient  heat  tc  \ be 
detectable  by  infrared  aeasurexents  with  eguipaent  such  as 
an  AGA  Ihcracvision  680  systea. 


A.  FACXCBS  AFFECT IMG  IMFBABEO  OETBCIIOM 


The  detectability  of  I B heating  by-  surface  curreuts  is 

a function  of  the  threshold  teaperature  gradient  of  the 
aeasuring  eguipaeirt,  the  conductivity  and  eaissivity  of  the 
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surfaca  uodar  InTestigation,  and  the  aicroHave  power  levels 
present. 

i tesperature  gradient  of  0.2^0  can  be  detected  b;  the 
IberaovisioD  systee.  If  a scattering  or  radiating  structure 
has  safficient  currents  to  cause  a 2«C  teapeiature 
difference,  ten  isotheras  aay  be  selected  in  various  colors 
and  displayed  to  Indicate  the  tesperature  distributions. 

The  surface  under  consideration  aust  be  sufficiently 
conductive  to  allow  representative  charge  and  current 
distributions  to  fora.  However,  the  surface  aust  not  be  so 

2 

conductive  that  either  no  significant  I B heating  is 

produced,  or  any  generated  heat  is  quickly  dissipated  by  the 
theraal  conductivity  of  the  aaterial.  High  electrical 
conductivity  in  a aaterial  iaplies  high  theraal  conductivity 
in  that  aaterial. 

The  spectral  eaisslvity  (the  ratio  of  the  eaittance  of  a 
body  in  a specified  portion  of  the  spectrua  tc  that  cf  an 
ideal  radlatcr)  aust  also  be  sufficiently  high  to  allow  good 
Iheraovision  detection  of  the  surface.  The  acre  nearly 
"black**  the  surface  in  the  three  to  five  aicrcaeter 
wavelength  range,  the  better  the  detectability  of  a specific 
teaperature  difference  on  that  surface. 

Sufficieot  alcrowave  power  levels  aust  be  used  tc  cause 
charge  and  current  distributions  to  fora,  but  practical  and 
safety  considerations  dictate  that  ainiaua  usable  levels  be 
eaployed.  Ihe  ezperiaental  procedures  in  this  work  reguire 
an  incident  power  at  the  surface  of  scattering  objects  of 
approziaately  three  ailliwatts  per  square  centlaeter. 
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E.  IBBSIS  OBJECTIVE 

This  Hork  was  done  to  indicate  the  feasibility  of  the 
infrared  detection  process,  to  reduce  the  process  to  ccison 
labcratory  or  applications  procedures,  to  cospare  the 
results  obtained  with  results  fros  other  techniques  to 
exhibit  the  accuracy  of  the  infrared  detection  procedure, 
and  to  use  infrared  detection  to  obtain  current 
distributions  on  objects  that  have  not  been  otherwise 
detersined.  The  direction  of  future  research  was  also 
indicated. 
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II.  gKgBjqgiHH  h&imUM 


A.  A6A  IBA5H07ISI0N  SISrSH  680 


Ihe  AGA  Iheriovision  Systen  680  is  an  infrared  caaera 
and  display  systes  that  nses  a single  indiua  antiaonide 
(InSb)  photcvoltaic  detector*  cooled  to  77°K  with  liquid 
nitrogen,  to  detect  esissions  froa  objects  in  its  field  of 
flew  in  the  2 to  5.6  aicron  wavelengths. 


1*  SaiSM 


The  caaera  (Figure  1)  in  this  system  has  an 
field'Of '‘View  geraaniua  lens,  with  a range  of  focus  frca  1.7 
aeters  to  infinity.  Scanning  is  accoaplished  with  two 
rotating  eight-faced  prisas  that  aove  the  instantaneous 
field  of  view  through  the  desired  region.  The  cooled 
detector  allows  a ainiaua  detectable  teaperature  difference 
of  tetter  than  0.2%  at  a 30%  object  teaperature. 
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Figure  1 - KGh  THERMOVISIOH  CMEBA 
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loi  Bits  flgflitgj; 


lb«  black  and  white  acnitor  (Plgnre  2)  is  the 
initial  display  of  the  canera's  output.  Ihe  display  has  100 
lines  with  a line  freguency  of  1600  lines  pec  second# 
yielding  16  f cases  pec  second.  Ihe  contcols  tax  focus,  bias 
contcol  of  the  detectoc  (tespecatuce  window  location) , 
sensitifity  (tespecatuce  window  size) , plus  wacious  othec 
settings  foe  the  display  ace  located  on  this  sonitoc.  Ihe 
hlack  and  white  sonitoc  has  the  capability  fee  two  isothecas 
to  be  selected  anywhece  in  the  displayed  tespecatuce  window 
that  give  highlighted  output  at  the  coccespcnding  locations 
in  the  display. 


3.  asaiiss 


Ihe  colcc  sonitoc  (Figuce  3)  gives  a display  twice 
the  size  of  the  nccsal  black  and  white  output  and  pecaits 
the  application  of  coloc  to  allow  the  tespecatuce  wisdew  to 
be  divided  into  ten  easily  distinguishable  cegions.  It  the 
ainisua  settings,  this  guantizing  allows  the  systea  to 
display  the  ainisua  detectable  diffecence  of  0.2^C  in  an 
easily  undecstoed  focaat. 
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I «•  lc2ms  a4aElat  ^ ClaBifli 

1 

Ib«  profile  adapter  aad  its  associated  black  and 
Mbite  display  usit  (Figure  4)  give  guastiziog  capability  to 
tbe  picture  displays.  Tvo  sodes  exist  in  this  display,  one 
for  surface  tespecature  cross  section  of  any  selected  scan 
line,  and  tbe  other  a disinisbed  scale  versicn  that  presents 
the  surface  tesperature  cross  section  of  all  100  lines  of 
the  display.  This  relief  sap  is  a tbree-dinensional  display 
of  tbe  enisnions  of  tbe  objects  being  viewed  by  tbe  caiera. 

E.  IHBEEOFISIOH  PICTOBE  IllTEfiPBEIAIIOH 

^ Figure  5 is  an  ezasple  cf  a picture  froe  the  color 

nenitor.  The  horizontal  band  at  tbe  bottes  shows  tbe  ten 
isotberss  in  the  selected  tenperature  windew,  increasing  in 
tesperature  froe  left  tc  right.  Ihos,  the  relative 
tesperature  distxibutioa  of  a bosogeneous  object  can  be 
detersined  by  aatebing  the  colors  in  tbe  display  to  tbe 
corresponding  portion  of  the  reference  band.  The  colcr  of 
any  portion  of  the  band  nay  be  chosen  by  tbe  operator,  and 
changed  when  desired.  Noraally  the  colors  are  arranged  to 
provide  saziana  contrast  between  adjacent  isotherns.  For 
printing,  tbe  colors  in  tbe  photographs  arc  converted  to 
balf'tone  black  and  white.  This  process  diainishes  the 
contrast  between  adjacent  isotberss. 

Onless  ctbersise  indicated,  all  iberaevision  pictures 
use  a tesperature  aindew  of  2^C,  which  aakea  each  iscthera 
0.2*C  in  width.  | 
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AGA  THEHHOVISION  PROFILE  ADAPTER  AND  DISPLAY 


C.  LieCBAIOfil  ABBAHGBBIHT 


flgox«  6 sbovs  tli«  arrangeacnt  of  the  latoratocy  set  ap 
fox  the  stud]  of  scattexlng  objects.  The  object  asdec  stody 
Mas  placed  on  a 4x12  feet  (3.8x11.5  wavelengths  at  937.5 
BHz)  alnnlnus  gxoond  plane  at  a safficient  distance  to 
insoxe  an  incident  plans  wave.  The  aonopole  was  driven  at 
its  base  and  placed  in  front  of  a 60<*  corner  reflector.  The 
infrared  canexa  was  soved  as  desired  arcund  the  ground  plane 
to  obtain  the  proper  view  of  the  object.  Tc  insure  cosplete 
and  unifern  connections,  all  points  of  contact  with  the 
ground  plane  were  taped  with  copper  conducting  tape. 

To  study  radiating  objects,  the  object,  usually  an 
antenna,  was  placed  in  the  driven  location  and  the  corner 
reflector  resoved. 


0.  SOBBB  6BIBBAXXB6  SISTEB 


Figure  7 is  a schesatic  representation  of  the 
arrangesent  tc  provide  the  incident  power  to  the  driven 
elenent.  The  power  generator  (a  Sierra  Ilectronics  scdel 
470A,  80  watts  naxisua  output)  was  connected  to  an  isclater 
and  then  to  a dual  directional  coupler.  A dual  stub  tuner 
was  then  attached  to  cancel  the  reflected  signal  froa  the 
driven  eleaent.  A power  aeter  was  connected  at  the  return 
port  of  the  dual  directional  coupler  to  allow  detersiration 
of  the  occurrence  of  the  ainiana  returned  signal. 


iRiiiaoHfHHf  laoxfHoafi 


power  meter 
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coupler 
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III.  £MfisE  mmesiigj  gmfijisAugg 


1.  IBCHBIQOE 

I 

Zo  d€te£iin«  the  ch«£ge  dlstributioos  oo  aa  antenna,  a 
sheet  of  resistive  paper  (2000  ohss  per  square,  Suoshine 
Scientific  Isstruaent  Coepany,  Philadelphia),  vas  placed 
behind  the  antenna.  A dielectric  aaterial  was  used  as  a 
hacking  for  the  paper  to  provide  the  regoired  stiffness. 
The  electric  field  lines,  originating  at  the  charge 

locations  on  the  antenna,  cause  currents  tc  flow  or  the 
resistive  paper.  Sear  large  charge  concentrations,  where 
Bore  lines  of  force  converge,  the  resultant  corrent 
nagnltudes  cn  the  paper  are  higher,  prcducing  greater 
localized  heating.  Hhcn  detected,  this  heating  yields  the 
• relative  charge  distrihutions  on  the  antenna.  For  radiating 
antennas,  the  current  distributions  say  then  be  deterained 
froB  the  continuity  eguatlon.  Figure  8 is  aa  ezaaple  cf  the 
setup  for  the  charge  deterairaticn  on  a scattering  crossed 
dipole. 

All  aeasurenents  of  charge  distribution  shown  were  aade 
at  a frequency  of  937.5  aegahertz  (32  centlaeter 
wavelength) . 

Only  a few  ezaaples  of  this  technique  are  included  here 
to  illustrate  the  procedure.  Extensive  ezaaples  and 
ccaparisona  with  known  solutions  are  shewn  by  Hanes  and 

Burton  C 1977]. 

i 
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Figure  8 


CHARGE  DISTRIBOTION  DETHRNIMATION  SET  HP 
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£.  IHBBE-QOiBTSB  B&7EIEBGTB  EOHOPOLE  ON  GBCONO  PLANE 


1« 

The  clia]:g«  distrihution  oa  a ladiatiog  tbia 
thcee-quaxtec  wavelength  (24  ceatiietecs)  ■cnopols  aad  the 
Ihexaovisioa  cheurge  picture  Is  showa  in  Figure  9.  The 
charge  aagaitude  Baziaus  locatioas  are  easilj  identified  as 
the  waraest  points  on  the  display.  The  charge  ainiaua 
between  the  laziauas  is  clearly  seen  as  the  coolest  spot  on 
the  antenna.  Note  the  driving  point  disturbance  at  the  base 
of  the  Bcnopcle. 


2.  Scatft^ripq 


The  charge  distribution  for  the  scattering 
three-quarter  wavelength  aonopole  is  shown  in  Figure  1C.  As 
expected,  the  distribution  looks  like  the  radiating  case 
iiithout  the  driving  point  disturbance. 
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CHABGE  DISTRIBOTIOH 


C.  CBOSSEO  CIPOLBS  OB  GBOOMO  PLABB 


Th«  charge  distribotions  on  tao  of  the  thin  cioasad 
aotannas  diacossad  bj  Bacton  and  King  £1975]  are  shewn  in 
ligazas  11  and  12.  She  effects  of  the  eatioos  resonant 
lengths  seen  by  the  scarce  in  these  two  radiating  antennas 
is  cleat. 

1*  Bcrizontal  cross  si 

figaze  11  shoes  the  thzee-guazter  eaeelength 
Bonopole  eith  one'-'^aartez  easelength  (8  centiaetezs)  azss 
attached  at  cne-half  eaeelength  froa  the  grenod  plane.  Ihe 
zesonant  length  seen  by  the  source  is  thzee-guarters  cf  a 
eavelength,  zesulting  in  a charge  distribaticn  sisilar  to 
the  Bonopole^  except  there  aze  noe  three  locations  (each 
tip)  of  the  final  charge  aaxiaaas. 


2-  CrosB  SI  Cne-Coarter 

Bhen  the  horizontal  cross  is  sexed  deen  to 
one^gaarter  eavelengtb  froa  the  ground  plane^  the  charge 
distribution  is  as  shoen  in  Pigure  12.  The  zesonant  length 
seen  by  the  source  is  noe  one-half  eavelength*  ehich  causes 
the  significant  redistribution  of  charge  concentrations  froa 
the  uncrossed  sonopole. 
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If.  SiUlUl  BlgaBIBgHgi  BgHlfl»4XIgg 


Th«  t«choi9««  foe  charge  diatribation  datarainaticn  ia 
aiaple  and  convaniant.  Boaaaar#  tao  factoca  tend  to  Halt 
ita  applicability  to  a ganacal  altaation.  Eacaosa  tha  ahaat 
of  caalatlva  paper  auat  be  altuatad  adjacent  to  tha  object 
aad  raapond  to  charge  diatrlbatlons  despite  tha  orientation 
alth  tha  soaxca*  direct  charge  diatribation  detarainaticn  is 
praaantly  United  to  "thin**  objects.  Often « particularly  in 
coaplez  atractorea^  objects  cf  interest  are  not  "thin.** 
Additionally#  priaary  interest  often  is  directly  is  the 
carrant  diatrlbatlons  on  condoctors.  •Ibas#  the  throat  of 
this  aorii  aas  the  direct  deterainaticn  of  current 
distribationa. 


A.  IBCBAIQOI 


Initially#  a-  sheet  of  resistive  paper  was  ased  to 
conatract  a aodel  of  the  object.  Ihis  aodel  was  then  placed 
on  the  ground  plane  and  irradiated.  It  aas  soon  discovered 
that#  because  the  skin  depth  of  the  resistive  paper  at  937.5 
BBz  is  on  the  order  of  the  paper  thickness  (approzinately 
0.8  ailliaeters) # non-conducting  objects  used  for  support 
behind  the  aodel  had  a significant  effect  on  the  tenperature 
distribution  of  the  irradiated  surface. 

Bhen  five  thicknesses  of  .resistive  paper  vere  used  for 
aodel  ccnstxaction#  supporting  structures  no  longer  bad  an 
effect  on  the  surface  teaperature  distributiens. 


...  -4 
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iith  as  incidant  field  strength  of  three  silliwatts  per 
sguare  centlaeter  at  the  surface  of  a aodcl*  an  otvious 
current  sagoltude  representation  is  apparent  vithin  five  to 
ten  seconds.  The  surface  then  heats  nniforalj  for 
approrinatelj  four  ainntes  until  steady  state 
heating/cooling  occurs. 

Figure  13  shows  the  aodel  used  for  a one-half  wavelength 
(16  centiseters)  sguare.  lote  the  polystyrene  foan  used  for 
support  and  the  copper  tape  at  the  intersection  with  the 
ground  plane. 

All  neaaurenents  of  current  distrihotions  shown  were 
aade  at  a freguency  of  937.5  aegahertz  (32  centiseter 
wavelength) . 

Burton  and  King«  in  wcrk  currently  in  progress  at 
Harvard  Oniversity,  have  aeasured  the  surface  currcct  and 
charge  distrihutions  on  a flat  surface  with  noraal  and 
incident  plane  waves.  Partial  results  of  their 
investigation  ars  shown  in  Appendix  A,  and  provide  a 
reference  for  the  Thersovisicn  pictures  of  the  flat  surfaces 
investigated  herein. 
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Plgare  13  - CaBBENT  OISTBIBOTION  DBTEBBINATION  SET  OP 
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E.  ONI-ElLi  iAVSLEHGTB  SQOIBK  OB  GfiOOBC  PIABB 


To  illustrate  tba  lelatienship  between  tbe  Tberaowlslon 
picture  and  tbe  eeasored  current  distributions  on  a flat 
plate,  several  situations  were  viewed  and  displayed,  figure 
14  shows  tbe  various  incident  angles  of  tbe  plane 
electroaaqnetic  wave  on  the  one- half  wavelength  square. 

To  allow  coaparison  between  views,  all  Thecaovision 
pictures  were  aade  with  the  caaera  noraal  tc  tbe  surface  of 
the  aodel.  Figure  16  has  a Barker  superiaposed  cn  the 
Iheraovision  picture  of  the  square  with  tbe  noraall; 
incident  signal  to  indicate  the  location  of  the  teaperatnre 
cross  section  in  Figure  17.  All  teaperature  cross  sections 
in  this  section  were  at  the  saae  relative  locations  as  those 
shown  in  Figure  16. 
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H&«o  a flat  sarfaca  is  irradiated  by  a noraally 
incident  plana  aara*  the  current  distributieca  fornad  are  a 
function  of  tba  rascnant  lengths  seao  by  that  signal.  In 
ganaral«  tha  currants  at  tha  canter  of  such  a flat  surface 
are  lass  than  the  currants  at  the  edges  because  cf  the 
autual  repulsion  of  the  electrons.  The  nagnitudes  of  the 
surface  currants  along  tha  edges  is  a function  of  location 
along  the  resonant  length  seen  by  the  incident  signal. 
Intaraediate  areas  between  tha  canter  and  tbc  edges  sbcv  the 
transiticn  currants.  Since*  in  rectangular  objects* 
ayaaetry  exists  about  the  eertical  center  line  cf  tha 
surface*  tha  currents  seen  on  the  tuo  sides  are  identical. 

Ibe  Iheraovisicn  picture  shows  these  points  clearly. 
Along  each  vertical  edge*  there  is  a "nono pole- type**  current 
distribution  with  tha  position  dependent  current  nagnitudes 
apparent.  Tha  currant  ainiaua  along  tne  vertical  center 
line  of  tha  surface  is  also  visible.  Hote  that  the  current 
nagnitudes  in  the  lower  canter  of  tha  surface  do  not  create 
enough  localized  beating  to  cause  any  detectable  rise  in 
teaperature. 


Flgoce  15  - OMB-HALF  N&FELENGTH  SQUIBB  CURBEM1 
DISTBIBOTIOM,  NOBHIL  INCIDENCE 


Flgore  16  - OME-HALF  RIFELEHGTH  SQOABB.  CURRENT 
DISTRIBUTION,  NORBAL  INCIDENCE,  NITH  BARKER 
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Figure  17  - 01)E>H&LF  iAVELENGTH  SQU&BE,  MOBH&L  INCICEHCE 


2 . Iweatv-Pegree 


^ is  the  incident  signal  noves  free  the  noraal/  the 
cesponse  c£  the  leading  edge  is  enhanced,  and  the  trailing 
edge  response  is  dininished.  This  reacticn  is  apparent  in 
figures  18  and  19^  which  are  the  20^  incident  views 
corresponding  to  the  previous  noxsally  incident 
presentations.  The  relative  lagnitudes  c£  the  snrface 
currents  at  the  vertical  edges  can  be  seen  in  the 
tesperature  cross  section  in  Figure  19.  The  current  sinisuc 
towards  the  vertical  center  line  o£  the  sur£ace  resains,  and 
the  current  increase  at  the  trailing  edge  is  still  obvious. 
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Figure  18  - OIE-H&LF  N&VELBN6TH  SQUARE  COBBEMT 
DISTBJBUTIOH,  20®  INCIDENCE 
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Figure  19  - OUB-HiLF  Wi?ELEMGTH  SQUARE,  20®  INCIDENCE 
TEHPBBATOBE  CROSS  SECTION  AND  BELIEF 


/ 


3 . l^irty»D<qyefl  Ipcidgoce 

Th«  corxespoDdlng  views  £oc  30^  i&cid«nce  axe  sbewo 
In  Pigaxas  20  and  21*  Hhan  the  incident  signal  reaches  30^ 
fzoB  the  norsal#  the  tespccatare  difference  between  the 
enreent  siniaas  location  and  the  trailing  edge  in  a 
hcrlrontal  cross  section  is  barely  detectable.  The 

N 

aagnitude  change  froa  leading  to  trailing  edge  is  now 
significantly  greater  than  the  20^  incidence  case.  Bosever» 
the  current  aagnitudes  on  the  trailing  edge  are  still 
sufficient  to  cause  the  apparent  "aonopolc-type**  cerrent 
distribution. 


r 
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Figure  20  - OMB-HALF  HATELBNGTH  SQQABB  CURHBMl 
DISTBIBOTIOM,  30O  INCIDBMCt 


Figure  21  - ONE-HALF  HAFELENGTH  SQUARE,  30O  INCIDENCE 
TEHPEBATUBB  CBOSS  SECTION  AND  BELIEF 


tt.  isc$iziix§  asssss  issijisMst 


■h«n  th«  incident  plan*  «ava  is  45^  froa  tha  ooxaal 
(Flgoraa  22  and  23)#  tba  laadlng  adga  raapcnse  la  atlli 
gcaatar  than  tha  ftavioaa  casas#  and  tba  currant  cn  tba 
trailing  adga  la  baraly  largar  than  tba  aora  intarior 
locationa.  Iota  that  tba  locationa  of  tba  carrant  ainiaa  in 
tbia  aagnanca  bava  aoaad  tarthar  toaard  tba  trailing  adga 
aitb  an  incraaaa  in  incidanca  angla#  and  tbara  ia  no  longar 
tba  viaibla  "aonopole-typa**  carrant  diatribation  at  tha 
trailing  adga. 


■» 
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Figuid  22  - OVS-HiLF  HAFBLBNGTB  SQOiBB  COBBEHT 
DISTBIBOTIOM,  4So  IMCIDBHCE 
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plguce  23  - OME-HALF  tf&VELEKGTH  SQUiBE,  45^  INCIOEMCE 
TEHPEBITOBB  CBOSS  SECTION  AMD  BELIEF 


s.  liaitirflSjUf  tagAjtajss 


ttasa  th*  iAcItent  signal  is  90^  fros  the  Doxsal 
(Figaxes  24  and  25) , only  th«  leading  edge  is  being 
"driven,**  and  the  ceaaindec  of  the  snsface  is  shadosed  froa 
the  incident  signal.  rhas,  the  carrent  aagnitodc  is 
aonotonically  decreasing  across  the  surface.  The  relative 
current  aagnitudes  along  the  leading  edge  of  the  surface  for 
this  entire  sequence  ceaain  constant,  with  the  peak  values 
of  current  cccuring  approziaately  three-gnarters  of  the 
distance  fros  the  ground  plane. 


48 


tr 


Figacd  24  - OME-HiLF  ffiVELEMGTH  SQUIBE  CURHEVT 
DISTBIBOTION,  90o  INCIDENCE 


I - ONE'HALP  HAVBLEliGTU  SQUARE,  90O  IRCIDEIiCE 
tEHPEBATUBE  CROSS  SECTION  AND  BELIEF 


I 


C.  IBBSl-QaABXEB  BZ  OBB-B&LB  HiTEI.BMGlB  PLAl  PLATE  OB 

6BOOBC  PLABB 

Bh«n  th«  height  of  the  Tettical  edge  of  the  flat  plate 
was  increased  to  three-guar tecs  of  a wavelengtt  (24 
centiseters) , the  cescnant  length  seen  by  the  incident 
signal  changed  pro portlo call;.  This  change  caused  a 
variation  in  the  distribution  along  the  edges  of  the 
surface,  but  the  sase  general  current  accangeeent  cccurs 
across  the  surface.  All  Ihersovision  pictures  were  again 
taken  norsal  to  the  surface  of  the  plate.  For  brevity,  the 
tesperatuce  cross  section  and  relief  views  cf  each  situation 
Here  not  included.  Bo  unexpected  results  were  obtained  in 
either  of  these  views. 


1 • lASi§SRS$ 


The  Boraall;  incident  plane  wave  again  yields  a 
current  distribution  that  is  sywaetrical  with  respect  to  the 
vertical  center  line  of  the  surface  (Figure  26) . The  change 
in  resonant  length  seen  by  the  incident  signal  is  apparent 
in  the  I hecsc vision  picture  with  a local  aaziaua  occuring 
toward  the  top  and  the  bottow  of  each  vertical  edge.  The 
ainisuB  current  locaticns  were  again  at  the  center  of  the 
plate,  with  the  "Bono pole- type"  current  distribution  at  the 
edges. 


j 


2*  Ifo-rpearee  lofi.d»pg^ 


Ibe  10^  view  was  added  for  the  three-quarter  by 
one-haif  wavelength  plate  to  exhibit  ecre  clearly  the 
transition  of  the  surface  current  distributions  as  the 
incident  signal  aoves  off  the  norsal  (figure  27) . is 
expected,  a saall  Increase  in  the  leading  edge  response  and 
a decrease  in  the  trailing  edge  response  occurred.  Plainly, 
the  horizontal  ainiaus  reaains  very  near  the  vertical  center 
line  of  the  surface. 


)■ 
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Figure  27  • THBEE-QUABTEB  BT  OBE-HALF  HAVEIEBGTH  FIAT  PLATE 
CUBBEHT  OISTBIBOTIOM,  IQO  INCICENCE 


3.  2l91L&Zd2£S(S5 

ligax*  28  is  a contiouatien  the  transition  cf  the 
corxent  distribution,  k visible  current  ninisua  rcsains 
slightly  on  the  trailing  side  of  the  vertical  center  line  of 
the  surface,  and  the  enhanced  leading  edge  response  is 
obvious.  Ibe  sinisns  value  of  surface  current  cn  the 
trailing  edge  has  becose  so  lov  that  the  localized  heating 
causes  very  little  tesperature  rise  fros  the  siniaus  in  the 
horizontal  cross  section  at  that  heigth. 


i 
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-HALF  HAfElBHGTH  PLAT  PLATE 


S€v«tal  noticeable  changes  are  evident  when  the 
incidence  angle  reaches  30«  (Figure  29) . llthongh  tvo  local 
aaziaa  reaain  on  the  leading  edge,  the  cnrrent  levels  cn  the 
trailing  edge  are  so  ssall  that  there  eaists  onl;  one 
obvious  eaxisus  on  the  trailing  edge.  Idditionall},  the 
sinisuB  current  sagnitude  in  a horizontal  cross  section  has 
Boved  to  approzisately  two*'thirds  of  the  width  free  the 
leading  edge  of  the  surface. 


I 
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Figure  29  > THBEE>QO&BTER  BT  OME-HiLF  HAFBIEHGTH  FIAT  PLATE 
COBSBNT  OISTBIBOTIOM,  30O  mCIDEMCE 


5.  sjaiis  lagiasnsg 


Fiqai*  30  indicat«8  the  current  distribution  cn  the 
surface  uith  an  incident  signal  45^  fros  the  noraal.  Bhen 
the  signal  is  this  far  frop  the  noraal*  the  "sonopole-type" 
current  foraation  on  the  trailing  edge  is  absent  and  the 
horizontal  current  siniaua  is  nearly  at  that  edge.  The 
distinctive  current  forsations  on  the  leading  edge  .renain 
evident. 


I 
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Figure  30  - THBEE-QOmSB  BX  OEE-UiLF  HAVEIEMGTH  FLAT  PLATE 
COBREHT  DISTBIBUTIOM,  450  lECIDBNCE 


6.  liastirBifltaa  lagidtasa 


It  90^  incidence  (Figare  31)  , the  leading  edge  is 
again  tbe  cnly  "driven”  portion  of  the  sucface.  Thus,  the 
current  nagnitades  decrease  horizontally  access  the  snrface 
ontil  they  ace  insnfficient  to  cause  detectable  heating  of 
the  surface.  The  insufficient  heating  causes  the  inafcility 
of  the  Ihernovision  picture  to  clearly  define  the  trailing 
edge  of  the  surface.  The  "acnopole"  current  dlstributicn  on 
the  leading  edge  ceaaiss  as  in  the  previous  pcesentatlcns. 


0.  OHB  ET  OIB-BiLI  ■ATBLEV6IB  FLAT  PLATE  01  6B00ED  PLiBE 


Aa  inctaasa  to  on«  waTalcngth  in  the  height  of  the  flat 
aocface  again  causes  an  increase  in  the  resonant  length  seen 
hf  the  incident  signal.  A significant  redistribution  of  the 
current  nagnitudes  on  the  surface  results. 

For  conparison,  Thernoeision  pictures  of  the  saae 
incident  angles  as  previously  studied  uere  tahen>  yielding 
the  saae  type  of  transitions  (Figures  32  through  37) . All 
pictures  uere  again  taken  nornal  to  the  surface  under  study. 

lith  nornal  incidence  (Figure  32)  , the  syanetiical 
current  distributions  are  again  apparent.  Bith  the  increase 
in  the  height  of  the  surface*  the  tvo  local  aaxina  at  each 
vertical  edge  have  changed  locations  along  ^e  edge.  This 
caused  the  appearance  of  a distinct  oval  current  nininua  in 
the  center  of  the  surface.  The  ainiaun  fcr  any  horisontal 
cross  section  of  the  plate  reaains  in  the  center*  and  the 
aaziaun  at  the  edges. 
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Figure  32  - ONE  BY  OVE-HiLF  NAYELENGTH  FLAT  PLATE  CDBBENT 
DISTBIBOTION,  BOBHAL  IBCIDEHCE 


2*  Io9ldence 

■ith  a 10^  incidant  plane  wave  fFigare  33) , the 
expected  shift  toward  the  leading  edge  occurred.  Again,  the 
two  distinct  localized  aaxiaa  reaain  apparent  at  the 
trailing  edge  of  the  surface,  and  the  enhancenent  cf  the 
leading  edge  currents  is  wisihle.  A change  in  the  lias 
setting  of  the  Theraowision  , caaera  aaJces  the  owal  shaped 
ainiauB  toward  the  center  aore  obvious  than  in  the  previous 
picture. 
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BY  ORE-HALF  HAfELENGTH  FLAT  PLATE  CORBENT 


3 


Tw«pt|-D€qr«  Incidqo^e 


In  this  sarfacc,  th«  currents  at  a 20^  incidence 
lesain  consistent  uith  the  pceeious  exasples  (Figure  34). 
Ibe  two  local  saziaos  current  Iccations  are  still  evident, 
but  are  significantlj  disinished.  The  oval  shaped  corrent 
sinisoB  also  tesains  in  the  interior  of  the  plate,  hct  it 
also  has  shifted  noticeably  toward  the  trailing  edge. 
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Figace  34  - ONE  BT  ONE-HALF  NAVELEMGTH  FLAT  PLATE  CBBBBHT 
DISTBIBUTIOM,  20^  INCIOENCl 


r 


IbU^lzJlSSIlS  iBSiaSBCS 

I 

for  tbs  30^  incldont  signal^  th«  changes  in  sorface 
cnrzents  are  as  expected  fros  the  prevlcns  cases  (figure 
35) . The  lessened  response  of  the  trailing  edge  and  the 
shifted  current  ainisas  in  a horizontal  cross  section 
resains.  The  localized  heating  on  the  trailing  edge  is  nov 
tarelf  sufficient  to  cause  the  "sonopole-type*  current 
distribution  profile. 
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5.  ISLilzliU  fiiaiss  1a£US££S 


I 
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For  tb«  450  incident  signal  (Figore  36),  the  greatl; 
diainishcd  response  c£  the  trailing  edge  does  not  caose  an 
obvious  '*Bonopole-‘tFpe*  response,  and  the  significant  shift 
of  the  current  ainiaue  in  a horizontal  cross  section  toward 
the  trailing  edge  again  occurs.  The  siailaritj  aaong  the 
4S«  incident  cases  for  all  these  surfaces  is  apparent. 
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liflSlXrUSSClS  locidenc^ 


lih«D  th«  satfac*  nocial  is  90"  itos  tlia  Incidsat 
plans  vaas  (Ilgars  37)  , ths  raaction  again  aliovs  ths  zsanlt 
of  only  the  Isadiqg  sdgs  bsing  "dciasn."  Tbs  horizontal 
cross  section  again  exhibits  a aonotonically  decreasing 
surface  current,  and  insufficient  currents  exist  to  create 
enough  localized  heating  to  allow  detection  cf  the  trailing 
edge  of  the  eurface. 


Figure  37  > ONE  BT  OIB-HklF  iiVELBMGTH  FLAT  PLATE  COBBEMT 
DISTBIBOTIOB,  90O  IBCIDEMCI 
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B.  CQBflC  lEBBB-QOABTEB  BX  OIS*BBLr  ■AfBLBICXH  SOBPACIS 
01  GiCOI£  PLABE 


To  abov  tb«  traositiofl  froa  a flat  surfaca  tc  a 
cyliadac*  t«c  aaqaancaa  of  Tharactrialon  pictscaa  vara  aada 
cf  sttcfacas  tbraa-qoartars  of  a aaaalanqtb  bigh  and  cnc-balf 
aaaalangtb  alda  with  varying  aaoants  of  curvatura.  Tba 
radii  of  cuxvatora  usad  war a infinity  (flat  anrfaca) « 10.25 
cantiaatars,  7.5  cantiaatars,  and  5.1  cantiaatars.  Tba  5.1 
cantiaatar  radiua  of  cnrvatara  corraaponda  tc  a cylinder  ona 
vavalangtb  <32  cantlaatara)  in  circuaf aranca  that  vill  ba 
atudiad  axtanaivaly  in  tba  naxt  aaction. 


1 . iBSidMSS 


This  aagaaoca  of  enrvad  aarfacaa  aith  tba  incident 
aignal  noraal  to  tba  cantar  of  tba  sarfaca  (Figaraa  38 
tbroogb  41) ara  inclndad  to  indicata  tba  babavior  of  tba 
aasfaca  currants  as  tba  adgas  bacoaa  aora  diatant  froa  tba 
aoarca.  Bacaasa  ayaaatry  doas  not  exist  on  the  tobnlar 
cylinder  vitb  respect  to  this  viav,  tba  currant 
distributions  sbosn  in  this  saguanca  vill  net  exist  cn  tba 
cylinder.  Bevavar^  this  saguanca  doas  provide  insight  into 
tba  affect  of  surface  curvatura. 


It  is  evident  froa  tba  Tharaovision  pictures  tbat^ 
as  tba  curvature  bacoaas  greater*  tba  surfaca  currants  in 
tba  canter  (nearest  to  tba  source)  bacoaa  relatively  larger. 
Tba  increase  occurs  because  tba  affective  differential  area 
seen  by  tba  source  dacraasas  avay  froa  the  vertical  canter 
line  and  to  a lasaar  degree*  baesusa  cf  the  apatial 
^ attenuation  of  tba  incident  aignal.  On  tba  surface  vitb  tba 
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•■aXlcst  cadioa  of  carvataxa  (Flguxa  4iy«  tha  caxxant 
aagaitodaa  oo  a horizontal  cross  sactioa  ara  naarlj 
constant.  Iha  resonant  rasponsas  of  tha  currant  aagnitndas 
raaaln  apparent  throoghont  tha  sagacnca*  uith  tha 
"Bonopola^tjpa"  rasponaa  on  tha  adgas  visibla  on  all  bat  tha 
saallast  radios  of  coroatora  sorfaca  (tha  half  cylindar) . 
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MOBHAI  mCIDBMCE,  r^IMPINITT 
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Figure  40  - THHBE-QOMTBBS  BY  OHB-HALP  NAVELBN6TH  SOBPiCB 
NOBMAL  INCIDENCB,  r*7.5  CB 


Figure  41  - THREB-QOIBTEBS  BT  OME>HALF  NAfELEIIGTH  SUBFiCB 
NOBHiL  IVCIOEHCE,  r»5. 1 Cl 


2.  £iAJ.U=JUS£SS  lBSi49ff9P 


► 


Ilgax«s  42  tbroogh  45  are  the  Iheracvlsion  pictores 
of  the  carved  surfaces  vhen  the  iacldent  plane  save  is  90* 
froB  the  noraal  to  the  center  of  the  surface.  Because  of 
the  sjBsetr;  of  the  tubular  cylinder  with  a circuaf erence  of 
one  wavelength,  the  currents  in  Figure  45  should  also  be  a 
representaticn  of  the  currents  on  that  cylinder. 

The  sequence  clearly  shows  the  sore  distinct 
foraation  of  the  currents  on  the  illuainated  portion,  as 
acre  of  the  plue  wave  was  incident  on  the  surface  with 
decreasing  radius  of  curvature.  Each  of  the  views  exhibits 
the  expected  resonant  response  of  current  aagnitudes  along 
the  illuainated  edge  of  the  surface.  The  shadowed  portion 
of  the  surface  (the  trailing  half)  in  each  case  was 
obviously  being  "driven"  by  the  currents  on  the  illuainated 
portion. 


Figure  42  - THBEE-QOmEBS  BT  OME-HALF  HAVELEHGTH  SOBFACE 

90®  lECIDEMCP,  t=IBFlHIT1[ 


Figure  43  - THBEE-QQABTEBS  BT  ONE-HALF  NAfELENGTH  SOBFACE 

90®  INCIDENCE,  r=10.25  CB 


Figure  44  - THBEE-QOmEBS  BY  OME-HiLF  RAfELENGTH  SUBFACE 

904  IHCIDEMCE,  r»7.5  CU 


Figure  45  > THBBE-QOiBTEBS  BY  OME-HALP  BAVBLENGTH  SOBFACE 

90«  INCIDENCE,  r=5 . 1 cu 


r.  THICK  CTIIIDBB  OH  GBOOHO  PLAiB 


Ihia  saction  sbOMs  thm  application  ot  the  Tharaovision 
aatfaca  entrant  dataraination  to  a tnbolax  cjllndat  aith 
ka«1  (citcnafaranca  of  ona  aavalangth)  and  a haight  of 
thraa^gnartata  wavalangtb  (24  cantlaatara) , nhare  k is  tha 
Mavannabaz  and  a ia  tba  cylindac  cadina.  Pignre  46  showa 
tha  raaistiva  paper  nodal  of  that  cylinder. 

The  Bodel  ia  a five  layer  reaistiTe  paper  surface  over  a 
polyatyrena  foaa  cylinder  for  rigidity.  Again#  copper  tape 
Mas  naed  to  inaure  a nniforn  connection  sith  the  ground 
plana,  fignze  47  ezhihits  the  relative  locations  of  the 
Xheraovision  caaera  and  the  iccident  plane  uave.  Because 
syuuetry  exists  on  the  cylinder  about  a plane  perpendicular 
to  tha  ground  plane  through  the  line#  the  side  view 
Mas  chosen  for  display.  This  viee  then  exhibits  the 
relative  aagnitudes  of  all  currents  cn  the  cylinder. 

Hurten#  Bing#  and  Blejer  (1976)  have  shesn  the  aeasured 
resultant  values  of  surface  currents  on  a cylinder  of  these 
diaensiona  vhen  irradiated  by  a plane  save#  and  cetpared 
then  to  the  theoretically  derived  values.  These  results  are 
shOMn  in  Figure  48  vith  the  Theraovision  picture  of  the  saae 
situation.  The  current  aagnitudes  are  Indicated  on  an 
increasing  scale  froa  0 to  9 in  ten  egual  ranges  to 
facilitate  coapariaon  vith  the  ten  isetheras  ia  the 
Theraovision  picture.  Since  the  Theraovision  tcchnigue 
detects  ateadystate  heating  of  the  surface#  the  relative 
phases  of  the  currents  are  not  obtained.  Thus#  the  relative 
phases  of  the  aeasured  results  are  not  indicated  in  Figure 
48.  It  should  be  euphasized  that  the  couputation  of  the 
surface  currents  on  the  cylinder  ia  a sophisticated#  tine 
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Mi*Niip«i 


conaaBing  prcc«dax«  involving  conplod  nxinl  and  tranavars* 
cvEtant  coapcnants. 


Plgura  46  - TOBOLIB  CTLINDEB  BITH  lca«1  AND  HEIGHT  OF 
TRRBE-QOABTBB  WAVELENGTH 
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Ih«  taapcratare  nisdov  in  Figure  48  has  been  increased 
to  10^  leach  isctheta  is  I^C)  because  of  the  larger 
teaperature  range  that  exists  on  the  cylinder.  Figures  49 
through  52  axe  a sequence  of  Iheraovision  pictures  of  the 
saae  cylinder  eith  the  teaperature  windcw  reduced  to  2*C  for 
the  increased  sensitivity  (each  isothera  is  0.2"C).  Bach 
succeeding  picture  has  the  bias  level  changed  to  loser  the 
teaperature  vindov  detected.  This  process  causes  the 
increasing  size  of  the  shite  (highest  teaperature)  isothera# 
but  also  aliens  detection  of  the  saaller  currents  on  the 
shadowed  portion  of  the  cylinder.  Coaparisen  of  succeeding 
pictures  allows  all  relative  values  of  current  aagnltudes  to 
be  deterained.  The  teaperature  window  location  in  Figure  52 
is  sufficiently  low  to  cause  detection  of  the  aicrowave 
absorbent  aaterial  in  the  background#  but  the  cylinder 
current  values  detected  are  not  affected. 
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Figure  49  - THICK  CYLINDER  CURRENT  DISTRIBUTION,  EIIS 

SETTINGS  1 AND  2 


Figure  50  - THICK  CYLINDER  CURRENT  DISTRIBUTION,  BIAS 


Figure  51  - THICK  CTLINDEB  CURBBNT  DISTBIBOTION,  BIAS 


Figure  52  - THICK  CYLIWDEH  COBHEHT  DISIRIBOTION,  BIAS 

SETTINGS  7 AND  8 


T.  COVCLOSIOMS 


Th«  infrared  inaging  technique  has  hecn  shown  tc  he  a 
valuable  tool  in  the  deternination  of  surface  charge  and 
current  distributions,  particularly  on  coaplcz  objects  vhen 
analytical  current  deterainations  are,  at  best,  difficult 
and  tine  consuaing. 

The  Iheracvisicn  technique  is  particularly  inpcrtant 
because,  with  an  accurate  resistive  paper  aodel,  subtle 
differences  in  current  distributions,  caused  by  ninor 
changes  in  connections  and  diaensions,  can  be  observed 
quickly  and  accurately. 

There  are  sone  aspects  of  the  Thersovision  current 
detection  technique  tbat  require  care  in  interpretation. 
Since  this  teebnigne  uses  five  layers  of  resistive  paper  in 
the  object  aodels,  it  is  possible,  to  have  uneven  spots  or 
air  gaps  between  the  layers.  These  uneven  spots  can  cause 
erreneous  results  because  they  can  alter  the  theraal 
conductivity  of  a portion  of  the  surface.  Thus,  eitreae 
care  aust  be  taken  in  aodel  construction. 

The  Iheraovisioa  technique  aust  also  be  used  with  care 
at  the  intersection  with  the  ground  plane.  since  the 
surface  cf  the  copper  tape  is  a polished  aetal,  with  the 
corresponding  low  eaissivity  in  the  three  to  five  sicron 
wavelength  range,  the  sensitivity  of  the  infrared  detection 
to  a given  teaparature  difference  is  significantly  leas. 
Thus,  the  regicn  covered  by  the  copper  tape  should  not  be 
coapared  uith  the  reaaiader  of  the  surface. 
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It  Ml  also  ba  notad  that  tha  XbaraoaisioD  and 
thaoratical  xesalts  on  ths  tabular  cjlindat  do  not  aatcb 
axactlj  at  tha  top  adga  of  tha  cilindar.  This  discrapancy 
is  probably  causad  by  tha  azposad  adgas  of  tha  rasistiva 
papar*  ahich  causa  a slight  surfaca  nonuniforaity.  This 
abarration*  in  turn*  slightly  changas  tha  tharaal 
conductivity  of  that  adga. 

Tha  problaas  ancoontarad  in  tha  application  of  tha 
Iharaovisicn  currant  dataction  tachuigua  do  not 
significantly  affact  tha  gaaaral  applicability  of  tha 
proctdura.  Tha  siaplicity  of  tha  tachnigua  and  the  naar 
raal-tiaa  rasults,  aaka  tha  Tharsovision  tachnigua  an 
attractiva  axpariaantal  procadura.  Inf rax ad  dataction  of 
surfaca  currant  distributions  will  yiald  raliabla  raaults  on 
objacts  that  aight  otharuisa  raaain  unanalyzad. 
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TI.  BZCOaUBJIDATlOH? 


Sine*  infrared  detection  of  ear face  charge  and  cor rent 
distribution « has  been  shown  to  be  possible  and  pra  cal»  a 
next  logical  step  is  a procedure  to  allow  the  appl  4:ion  of 
this  technigue  directly  on  large  seta!  objects  such  as  ships 
and  aircraft.  k surface  preparation  tc  increase  the 
esissiwity  cf  objects,  without  significantly  altering  its 
electrical  properties,  would  sees  to  be  the  correct  approach 
to  ezasiae.  k proper  surface  preparation  would  allow 
deterainaticn  of  surface  currents  on  saterials  that  dc  not 
approach  ideal  conductors,  such  as  the  cosposite  aatcrials 
currently  under  study.  Such  a surface  preparation  would 
also  solve  the  prcbless  sen tiooed  in  the  previous  section. 

■any  objects  of  interest  resain  that  say  be  analyzed 
using  carefully  constructed  resistive  paper  sodela.  It 
therefore  is  isportant  to  continue  to  study  these  objects 
using  the  technignes  discussed  herein. 
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APPEHDZX  A 


COBAEMl  OlSmiBOIlOIS  ON  FIAT  SONIACES 


Th«  xcsolts  shewn  in  Figures  53  through  56  indicate  the 
seasnxed  surface  currents  on  a flat  surface  three»guarters 
of  a wavelength  high  and  approzisatel;  0.42  wavelength  wide 
over  a conducting  ground  plane.  These  results  are  froa 
current  research  b;  Burton  and  King  and  indicate  the 
longitudinal  and  transverse  currents  on  the  flat  surface 
with  a nornallj  incident  plane  wave  and  the  sane  guantities 
with  an  incident  signal  45«  froa  the  noraal  to  the  surface. 

To  allcw  coaparison  with  the  surface  currents  indicated 
bj  the  Theraovision  pictures  in  Section  IT.  the  aagnitudes 
were  indicated  on  an  increasing  scale  of  arbitrarj  units 
froa  0 to  9 la.  tea  egoal  raagea  of  current  aagnitudes* 
Because  the  relative  scales  of  the  transverse  and 
longitudinal  currents  are  being  deterained,  resultant 
current  values  are  not  yet  available.  Bowever.  strong 
aiailarities  any  be  seen  between  the  longitudinal  current 
values  and  the  Theraovision  pictures. 
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